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(57) .Abstract 

The present invention 
relates to a monitoring 
equipment (9) comprising 
means (15) for receiving a 
mcasurcmenl result indicating 
the patient's blood glucose 
level, and for storing it in 
a fint memory means (10). 
In order to improve and 
facilitate the treatment of 
the patient, the monitoring 
equipment comprises means 
(15) fCM- fcceiving data 
concerning the patient*s 
diet, medication and physical 
strain, and for storing it in the 
first memory means (10), data 
processing means (11. 12) 
for calculating a predictive 
value CHI the basis of the data 
stored in the fiist mcmocy 
n^ans (10), and conector 
means (13) for calculating 
the difference between the 
calculated predictive value 

and the patjenl's actual blood glucose level, and for correcting the mathematical model utilized to calculate the predictive value m order to 
take into account the aforementioned difference in subsequent calculations of predictive values. 
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A METHOD FOR MONFTORING THE HEALTH OF A PATIENT BY MEASURING 
AND PREDICTING THE GLUCOSE LEVEL OF THE PATIENT'S BLOOD SAMPLE 

FIELD OF THE INVENTION 

The present invention relates to a method for 
5 monitoring the health of a patient, wherein the glucose 
level of the patient's blood sample is measured. The 
invention also relates to a monitoring equipment for 
monitoring the health of a patient, the equipment 
comprising means for receiving a measurement result 
10 indicating the glucose level in the patient's blood sample 

and for storing it in a first memory means together with 
data indicating the moment of the measurement . 
DESCRIPTION OF THE PRIOR ART 

As is well known, monitoring the health of a 
15 patient with diabetes is primarily based on the measurement 
of the patient's blood glucose level at regular intervals. 
Treating diabetes requires regular measurements and regular 
monitoring of the measurement results in order to ensure 
that the patient's blood glucose level definitely remains 
20 within the allowable area and that the patient's medication 
is optimal. 

In the present health care system it is not 
possible for financial and practical reasons for a person 
specialized in treating diabetes to personally monitor 

25 continuously the health of a patient, but the monitoring of 

the patient's health is largely dependent on the patient 
himself. Therefore the patient- himself must perform 
measurements at regular intervals, even as often as 6 to 8 
rimes a day. In order that the doctor treating the pacient 

30 could obtain data about the development of the patient's 
health over a longer period, the patient must also keep a 
record of the measurement results, which the doctor can 
examine afterwards. 

The fact that a relatively large number of 

35 patients with diabetes also contract a secondary disease 
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calculating a predictive value on the basis of the data 
stored in the first memory means, the predictive value 
indicating the patient's predictable blood glucose level at 
a predetermined moment, and corrector means for calculating 
5 the difference between the calculated predictive value and 

the patient's actual blood glucose level calculated at said 
predetermined moment, and for correcting the mathematical 
model utilized by the data processing means to calculate a 
predictive value in order to take into account said 
10 difference in the subsequent calculations of predictive 

values . 

The invention is based on the idea that when an 
adaptive mathematical model is formulated concerning the 
behaviour of a patient's blood glucose level and when the 
15 patient is provided with a monitoring equipment comprising 
data processing means for calculating a predictive value 
describing the patient's blood glucose level on the basis 
of data supplied to the equipment, and corrector means for 
correcting the model used for calculating the predictive 
20 value on the basis of the difference between the previous 

predictive values and the actual measurement results, the 
patient can take care of himself better than before and 
monitor and predict the development of his own health, 
since he is able to better estimate, by means of the 

25 monitoring equipment, how his blood glucose level is likely 
to change on the basis of the predictable medication, diet 
and physical strain. In other words, if the predictive 
value turns out to be bad; the patient can contact for 
example his doctor in order to discuss possible changes in 

30 medication or he can alternatively change his diet, for 
instance . 

Due to the corrector means the monitoring 
equipment becomes adaptive, i.e. it can take into account 
the characteristic features of the patient in question in 
35 the mathematical model utilized by the data processing 
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5 

the monitoring equipment regardless of his current 
location. This embodiment also enables for the doctor to 
monitor, if desired, the most recent data concerning the 
patient's health without a need for an appointment, or even 
5 a phone call, between the patient and the doctor. 

In another preferred embodiment of the monitoring 
equipment according to the invention, the monitoring 
equipment and the measuring equipment suitable for 
measuring the blood glucose level are integrated into a 

10 communications device, preferably a mobile phone, utilizing 

wireless data transmission. This embodiment of the 
invention frees the patient from carrying with him several 
separate conspicuous devices, since only one device is 
sufficient. Also in this embodiment the patient can 

15 continuously transmit, via the communications device, data 
concerning his health to the doctor treating him, 
regardless of the patient's location, and the doctor can 
monitor the development in the patient's health and even 
contact the patient directly by means of the mobile phone, 

2 0 if required. In this embodiment, the calculation of the 

predictive value is naturally not dependent on whether the 
patient is located in a shadow area of the mobile system at 
Che moment, since the calculation of the predictive value 
takes place entirely in the monitoring equipment the 

25 patient carries with him. If the patient is in a shadow 

area at the moment of calculation, he can transmit 
afterwards, if he so wishes, the data that he has supplied 
to the monitoring equipment and that has been stored in the 
memory thereof to the data processing system available to 

30 the doctor treating him. 

The preferred embodiments of the monitoring 
equipment according to the invention are disclosed in the 
appended dependent claims 3 to 7 . 
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supplied since they may be stored in the memory of the 
mobile phone 1. The mobile phone 1 that is assumed to be, 
by way of an example, a mobile phone of the GSM mobile 
system (Groupe Special Mobile) then transmits the supplied 
5 data in the form of a short message 3 to a base station 4. 
The base station 4 forwards the message via a base station 
controller 5, a mobile services switching centre (MSG) 6 
and a gateway centre 7 to a short message service centre 
(SMSC) 8 in the mobile system. The GSM system and the short 
10 message service thereof are described in greater detail for 
example in The GSM System for Mobile Communications by M. 
Mculy and M.-B. Pautet, Palaiseau, France, 19 92, ISBN: 2- 
9507190-0-7, and therefore they will not be described in 
greater detail in this connection. 
15 The short message service centre 8 is programmed 

to transmit the short message received from the patient's 
mobile phone 1 directly to the data processing system 9 of 
the hospital. Therefore the doctor treating the patient has 
at all times access to the most recent data concerning the 
20 patient, regardless of the patient's current location. 

When the monitoring equipment 9 has received, via 
its transceiver unit 15, the data supplied by the patient, 
it stores it in a first memory means 10 that may consist 
of, for example, a file in the hard disk of a computer. A 
25 calculator 12 thereafter starts calculating a predictive 
value on the basis of the data stored in the first memory 
means. During the calculation, the calculator 12 also takes 
into account correction coefficients stored in a second 
memory means 11. The first 10 and the second 11 memory 
3 0 means may consist of, for example, separate storage 
locations situated physically in the same memory chip, or 
alternatively of separate files located in the same 
computer hard disk. The calculation of a predictive value 
is described in greater detail in connection with Figure 3. 
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means 11 from which the calculator 12 retrieves them for 
the next calculation of a predictive value. 

If the most recent moment of measurement does not 
correspond to the moment for which the calculator 12 has 
5 already before calculated a predictive value, the 
calculator 12 first calculates a new predictive value for 
this moment of measurement on the basis of the data stored 
in the memory means 10. The corrector 13 thereafter 
calculates the difference between the predictive value and 
10 the measurement value and new correction coefficients in 

the above-described manner. 

If the difference between the measurement value 
and the predictive value calculated for example for a 
certain time of day is repeatedly very close to zero in the 
15 long term (for several weeks) , the monitoring equipment 9 

may find that the predictive value is sufficiently accurate 
for the time of day. In such a case, the monitoring 
equipment 9 may suggest to the patient for example with a 
short message that there is no need to measure the blood 
20 glucose level at the aforementioned moment. Therefore, the 

patient can decrease the number of the daily measurements 
one at a time as the mathematical model proves to be 
sufficiently accurate, until as few as 1 or 2 measurements 
are required each day. This considerably facilitates the 
25 patient's daily life compared to the 6 to 8 daily 

measurements required at present for achieving a balance . 

Figures 2 and 3 illustrate the second preferred 
embodiment of the monitoring equipment according to the 
invention. In the case shown in Figures 2 and 3, the 
30 monitoring equipment 9* is connected to a mobile phone. 

The mobile phone MS may be for example a 
conventional GSM mobile phone the battery space of which 
comprises, instead of a conventional battery, a unit 14' 
which contains integrated both a battery and components 
3 5 required for calculating a predictive value, these 



I 



wo 97/08737 



PCT/ri97/00086 



11 

mathematical model known per se that can be utilized in the 
monitoring equipment according to the invention is a so- 
called Widrow's adaptive LMS (Least Means Square) 
algorithm. 

5 In Figure 4, basic data X which may include data 

about the moment ti for which the predictive value is to be 
calculated, the latest measurement result, the moment of 
measurement, and the estimated medication, diet and 
physical strain of the patient is supplied to the 
10 mathematical model H. The mathematical model of Figure 4 

utilizes the fact that the blood glucose level of a person 
with diabetes usually follows a certain daily pattern with 
a certain accuracy, i-e. the glucose level follows the 
daily routine of the diabetic approximately in the same 
15 manner from one day to another. Therefore, the effect of 
different initial values on the glucose level can be 
monitored in the long term by keeping a record of the 
initial values and the actual measurement values. The 
mathematical model can therefore be amended in such a way 
20 that the model provides a more accurate predictive value. 

In practice, this may take place for example in such a 
manner that for each moment in the daily routine there is 
a separate correction table wherein each initial value has 
its own correction coefficient, i.e. for example a 
25 weighting coefficient, which is utilized when calculating 

a predictive value and the value of which is changed when 
the real difference between the calculated predictive value 
and the actual measurement value is known. 

In the situation shown in Figure 4, a predictive 
30 value for the moment ti can be calculated for example from 
the formula g{ti) = H * The calculated predictive value 
is thereafter stored in the memory until the actual 
measurement value for the patient at the moment t^ is 
obt"ai'nedT~When~th'e~actua'l" measurement"* -value g{tj) is known, 
35 the difference between the predictive value and the 
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13 
Claims : 

1 . A method for monitoring the health of a 
patient, wherein the glucose level gtt^) of the patient's 

5 blood sample is measured, characterized by- 

formulating an adaptive mathematical model (H) 
about the behaviour of the patient's blood glucose level, 
the model taking into account at least the patient's diet, 
medication and physical strain and comprising comparing the 
10 predictive values gCtJ provided by the model to the 

measured glucose levels g(ti) and correcting the 
mathematical model (H) on the basis of the result of said 
comparison, and 

providing the patient with means (1, 9') for 
15 utilizing said mathematical model (H) , so that the patient 
can himself monitor and predict the effect of the treatment 
he is to follow on the behaviour of his blood glucose 
level . 

2. A monitoring equipment (9, 9*) for monitoring 
20 the health of a patient, the equipment comprising 

means (15, 15') for receiving a measurement result 
indicating the glucose level in the patient's blood sample 
and for storing it in a first memory means (10, lOM 
together with data indicating the moment of the 

25 measurement, characterized in that the 

monitoring equipment comprises 

means (15, 15') for receiving data concerning at 
least the patient's diet, medication and physical strain 
and for storing the data in the first memory means (10, 

30 lOM, 

data processing means (11, 12, 11', 12') for 
calculating a predictive value g{ti) on the basis of the 
data stored in the first memory means (10, lOM, the 
predictive value indrcating the patient's predictable blood 
3 5 glucose level at a predetermined moment, and 
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that the monitoring equipment (9) comprises 
transmitter means (15) for transmitting the calculated 
predictive value g(ti) to the communications device (1) 
available to the patient. 
5 5. A monitoring equipment according to claim 2 or 

3, characterized in that the monitoring 
equipment (9') comprises a measuring unit for measuring the 
glucose level of a patient's blood sample, and for storing 
the data indicating the measurement result and the moment 
10 of measurement in the first memory means (10') . 

6. A monitoring equipment according to claim 5, 
characterized in that the monitoring equipment 
and the measuring unit are connected to a communications 
device utilizing a wireless data transmission link, 

15 preferably to a mobile phone (MS) of a cellular radio 
system or to a two-way pager, the monitoring equipment (9') 
comprising means for transmitting the data stored in the 
first memory means (10') via said data transmission link to 
a data processing system that is available to a person 

2 0 treating the patient. 

7. A monitoring equipment according to claim 6, 
characterized in that the monitoring equipment 
(9'), the measuring unit and the battery of the mobile 
phone are integrated into one component (14') that fits 

25 into the battery space of the mobile phone (MS) . 
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